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(54) Title: A METHOD FOR DETCCHNG THE HOME AREA IN A MOBILE STATION AND A MOBILE STATION 
(57) Abstract 

TTie invention relates to a method for detecting a home area in a mobile station, 
and to a mobile station realizing the invention. According to the invention the home 
area is detected in the mobile station by comparing (8) data received by the mobile 
station from the base stations of a cellular networic with predetermined (1 to 6) home 
area data stored in the mobile station. The home area data is determined (1 to 6) based 
on preferably all of the following data: a) a mobile country code (MCC), b) a mobile 
network code (MNC), c) a location area code (LAC) and a related cell identity (CI) for 
all broadcasting channels (BCCH) which the base station is able to receive, d) received 
signal strengths (RSS) for all broadcasting channels BCCH, e) distances from all base 
stations (BTS) on the broadcasting channels BCCH, and f) timing advances (TA). 
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A method for detecting the home area in a mobUe station and a mobile station 



The object of the invention is a method defined in the preamble of claim 1 for 
detecting the home area in a mobile station, and a mobile station defined in the 
preamble of claim 9. 

5 An aim is to establish that a mobile station is in its home area or in the area where it 
is mainly used in order to apply local call tariffs and local services. 

From the patent publication EP 0 344 989 it is previously known a method to 
establish with the aid of a system identification number (SID) that a mobile station 
is in its home area. A mobile station according to the method has several 
10 identification numbers, of which it according to the SID selects one to be used. Thus 
the mobile station has several home areas, which it can detect with the aid of the 
SID it receives. 

A problem of the known devices is that they are complex and expensive to realise. 

The object of the invention is to obviate said disadvantages. 

15 The method according to the invention is characterised by what is presented in claim 
1. The mobile station according to the invention is characterised by what is 
presented in claim 9. Preferred embodiments of the invention are presented in the 
dependent claims. 

The invention relates to a method for detecting the home area in a mobile station. 
20 According to the invention the home area is detected in the mobile station by 
comparing data received by the mobile station from base stations of the cellular 
network with predetermined home area data stored in the mobile station (LFP, 
Location FingerPrint). 

In an application of the invention the home area data is determined based on at least 
25 part of the following data: 

a) a mobile country code (MCC), 

b) a mobile network code (MNC), 

c) a location area code (LAC) and a related cell identity (CI) for all broadcasting 
channels (BCCH, Broadcast Control CHannel) which the mobile station is able to 

30 receive, 

d) the received signal strengths (RSS) for all broadcasting channels BCCH, 
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e) the distance to all base stations (BTS, Base Transceiver Station) on the broad- 
casting channels BCCH, and 

f) the timing advance (TA). 

On the basis of the mobile station's country code, mobile network code and location 
5 area code it is unanimously known where the receivable base stations are located. 
Preferably, averaging is used in determining the signal strengths, distances and 
timing advance, so that abrupt changes caused by the terrain should not interfere 
with the measurement result. The base stations from which this data is received are 
preferably selected so that only a few of the most adjacent stations are used to 
10 determine the data. Thus the location is advantageously determined as accurately as 
possible. Preferably, as many as possible of the previously listed data a) to f) are 
used in determining the location of the mobile station. Preferably, at least three of 
the data a) to f) are used. However, the invention is not limited to using exactly the 
data a) to f) listed previously. In various embodiments of the invention, only a part 
15 of the data a) to f) may be used, or other data and measurements may be used in 
addition to the data a) to f) to increase the accuracy of the determination. 

In one application of the invention said comparison method comprises the 
following steps: 

a) the home area data is compared with the data received by the mobile station; 
20 b) the mobile station is deduced to be within the home area if the data received by 
the mobile station is within predetermined tolerances when compared with the home 
area data, and in the opposite case the mobile station is deduced to be outside the 
home area; 

c) the deduced result is presented to the user; and 
25 d) if the mobile station is within the home area, this is reported to the operator. 

In one application of the invention said home area data is determined by storing the 
corresponding data in the mobile station when it is witiiin the home area. 

In one application of the invention said home area data is determined by deduction 
based on die cellular network structure and stored in the mobile station. 

30 In one application of the invention there can be several home areas to be determined 
and identified. 



In one application of the invention the home area to be determined is the basis for 
certain service. 
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The mobile station according to the invention comprises a processor to define the 
mobile station *s home area data and to compare this data with the received data in 
order to detect the home area, a memory to store programs and home area data, an 
RF section to receive data and to send this data to a base station, a keyboard to 
5 activate definition of the home area, a display to present the home area comparison 
result, and a data bus for the data conmiunication between the means. 

An advantage of the invention is that the location of the mobile station is reliably 
detected. A further advantage is that no equipment changes are required due to the 
invention. Further, due to the invention the infrastructure of a cellular network does 
10 not have to participate when the location is determined. A service control point 
(SCP) in a cellular network controls call tariffs and services on the basis of the 
home location register (HLR). The database of the cellular network is situated in the 
home location register, which comprises permanent basic data of mobile subscribers 
registered in the network. 

15 The invention is described in detail below with reference to the enclosed drawing, in 
which 

figure 1 shows in a flow chart a method according to the invention for generating 
home area data; 

figure 2 shows a method according to the invention for detecting the home area 
20 by comparing with data which is received by the mobile station; 

figure 3 shows in a block diagram essential sections of a mobile station according 

to the invention; and 
figure 4 shows the method according to the invention in a basic figure. 

Figure 1 shows as a block diagram the method according to the invention to 
25 generate home area data. In this application the home area data comprises the 
following data: the mobile country code, the mobile network code, the location area 
code and cell identity, signal strengths, the distances from the base stations, and the 
timing advance. The home area data is stored from the data received by the mobile 
station in the following method steps. In step 1 the mobile country code MCC is 
30 stored, which is a three digit code given to each country and used to identify the 
mobile subscriber's country of registration. Then in step 2 the mobile network code 
MNC is stored, which is the code identifying the mobile network. The location area 
code LAC and cell identity CI for all broadcasting channels BCCH which the 
mobile station is able to receive are stored in step 3. In step 4 the received signal 
35 strength RSS for each broadcasting channel BCCH is measured and stored. The 
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distances to each base station BTS are determined and stored in step 5 by using the 
broadcasting channels BCCH. The timing advance TA is measured and stored in 
step 6 if the distance from the base station to the mobile station is 35 km or less. The 
timing advance TA means the estimated added two-way transit time delay. In the 
GSM system (Global System for Mobile conmiunications) the timing advance is 
measured as bit modulation periods T having a length of 48/13 [is. 

Alternatively the home area data is generated by deduction based on the cellular 
network structure, for instance so that the network operator generates the data. 

Figure 2 shows a method according to the invention for detecting the home area by 
data comparison. New data received by the mobile station corresponding to the 
home area is stored in the first step 7. In the next step 8 all home area data is 
compared with the new data. A part of the data is in analogue form, such as the 
signal strength, so that their values are compared using certain tolerances. If the new 
data is within the tolerances, compared to the home area data, the operation 
continues at step 9, where it is determined that the mobile station is in the home 
area, and then at step 10 where the operator is informed of the result. The tariffs and 
services according to the home area are available when the operator has been 
informed of this. If the data was not within the tolerances in step 8 the operation 
continues at step 11, where it is determined that tiie mobile station is outside the 
home area. After tiie acmal comparison step 8, and die foUowing operations 9 and 
10 or 11, die operation continues at step 12 where the result is indicated to the user. 

Let's examine as an example how the mobile station's home area data is stored and 
how die mobile station moves outside the home area. The mobile station's user 
determines the central point of die home area by pushing a button on die mobile 
station or by making a call to a special service number. Alternatively die cellular 
network operator determines die central point of die home area by calling from die 
network to die mobile station and by using a particular signalling which is based on 
e.g. die short message service (SMS) or on die USSD signalling (Unstiructured 
Supplementary Service Data). The mobile station stores at least (he above 
mentioned data of die home area, diat is die mobile country code, die mobile 
network code, die location area code and cell identity, signal stirengdis, die distances 
to the base stations, and the timing advance. 

The above presented data to be stored forms die home area data, on die basis of 
which die mobile station later can identify its location. A confirmation message m 
die form of an SMS or USSD is transmitted to die operator when die home area data 
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has been stored. If required the operator will confirm the use of local call tariffs and 
services. 

At power-up and at the beginning of each call the mobile station checks its current 
location by comparing the data it receives with the home area definition data. The 
5 mobile station also reports to the cellular network whether the mobile station is 
within its home area. This is also indicated to the user by a message on the mobile 
station's display, by a photodiode and/or by a tone. 

In some cases the mobile station's user can define his/her home area at a location 
which differs from the previous one, for instance due to changes in the cellular 
10 network. However, this is always reported to the operator, so that misuse of this 
feature is prevented. 

The procedure used by the mobile station to detect the home area is substantially of 
the kind shown in figure 2. 

During a call the timing advance TA and the signal strengths received by the mobile 
15 station from the neighbour base stations are monitored in order to know whether the 
mobile station still is within its home area. When it is observed that the mobile 
station moves outside its home area the mobile station first indicates this to the user 
and then tums off the "home area" flag (ref. figure 2) and reports this to the cellular 
network. A consequence of this is that call tariffs and services according to the 
20 home area are not anymore available. The call is continued or terminated, depending 
on the conditions in the contract with the operator. 

Preferably the received signal strengths and the timing advance are averaged over a 
certain time, so that only long-term positive changes cause a home area decision. In 
addition to the data of the current cell data is preferably collected only from a 
25 certain neighbour cell or from certain neighbour cells which are best suited for the 
determination of the location. For instance those cells are used with the highest 
received signal strengths, and cells with signal strengths falling below a certain limit 
are ignored. If required, the received signal strengths are weighted for each cell, for 
instance on the basis of the distance of a certain single cell from the mobile station. 

30 Figure 3 shows as a block diagram certain functional blocks of the mobile station 
according to the invention. The block diagram shows a processor 13 for processing 
the home area data, a memory 14 for storing programs and the home area data, a 
radio frequency (RF) section 15 for transmitting and receiving the home area data, a 
keyboard 16 for initiating the definition of the home area data, a display 17 for 
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presenting the result, and a data bus 18 for realising the conununication between the 
blocks. 

Figure 4 shows a basic figure of the method according to the invention in a map-like 
presentation. The mobile station 19 receives radio transmissions from the base 
stations 20a, 20b, 20c. The radio transmissions contain the coded home area data 
mentioned above, which are stored. At the same time the mobile s^tion 19 
determines the distances to the base stations 20a, 20b, 20c from the mobile staUon 
19 on the basis of the received radio transmissions. 

In order to ensure a utilisation according to the contract a cellular network uses an 
administrative process which collects statistics about the home area settings made m 
the mobile station. The utilisation is according to the contract when the home area is 
always defined to be the same. 

The home area must be redefined when the operate of the mohUe network changes 
the network structure. This is indicated to the u^. TTte user can again use tos*« 
home area features when he has made the redefinition. The defimtton .s alternatively 
made automatically by data transnutted from the network to the mobUe sunon. 

In addition to the absolute quantities mentioned above, or instead of these quantife 
the home area can be determined using relative quantities relating to the tose 
su.tions. P^iferably the difference of the RSS levels of diff«ent base stations ^ Uta 
^ as a cdterion. The observed time difference (OTO) of the signals received tarn 
the base stations is also used, if flie time difference method is used m the mobUe 
network. 

The home area data is alternatively used in the mobile station only to adapt tiie 
mobile station's own functions to the home area in accordance with the 
25 requirements of the device or the user. 

In the above presented example the operation of die method according to the 
invention is described in a GSM mobile system, but the system can also be some 
other common mobile PLMN network (PubUc Land Mobile Network). 

The invention is not Umited to concern only the above presented embodiment 
examples, but a plurality of modifications are possible witiiin die invennve idea 
defined in the claims. 
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Claims 

1. A method for detecting a home area in a mobile station, characterized in that 
the home area is detected in the mobile station by comparing (8) data, which are 
received by the mobile station from base stations of a cellular network, with 

5 predetermined (1,2,3>4,5,6) home area data stored in the mobile station. 

2. A method according to claim 1, characterized in that said home area data is 
determined (6) based on at least part of the following data: 

a) a mobile . country code (MCC), 

b) a mobile network code (MNC), 

10 c) a location area code (LAC) and a related cell identity (CI) for all broadcasting 
channels (BCCH) which the mobile station is able to receive, 

d) received signal strengths (RSS) for all broadcasting channels (BCCH), 

e) distances to all base stations (BTS) on the broadcasting channels (BCCH), and 

f) timing advances (TA), 

15 3. A method according to claim 1, characterised in that said comparison 
comprises the following method steps: 

a) the home area data is compared (8) with the data received by the mobile station; 

b) the mobile station is deduced to be within the home area (9) if the data received 
by the mobile station is within predetermined tolerances when compared with the 

20 home area data, and in opposite case the mobile station is deduced to be outside the 
home area (1 1); 

c) deduced result is presented (12) to a user; and 

d) if the mobile station is within the home area, this is reported (10) to an operator. 

4. A method according to any previous claim 1 to 3, characterised in that said 
25 home area data is determined by saving in the mobile station data corresponding to 

the home area data when the mobile station is in the home area. 

5. A method according to any previous claim 1 to 3, characterised in that said 
home area data is determined by deduction based on cellular network structure and 
the home area data is stored in the mobile station. 

30 6. A method according to claim 5, characterised in that the home area data is 
loaded automatically, or when desired by a user, from mobile network to the mobile 
station. 



PCT/FI98/00645 

WO 99/11085 

8 

7 A method according to any previous claim 1 to 6, characterised in to the 
mobile station can have a pluraUty of home areas to be determined and identified. 

8. A method according to any previous claim 1 to 7, characterised in that the 
home area to be identified is a basis for a certain service. 
5 9. A mobile station, characterised in that it comprises at least the following 
functional blocks: 

- a processor (13) to define the mobile station's home area data and to compare this 
data with received data in order to determine a home area; 

- a memory (14) to store programs and the home area data; 

10 - an RF section (15) to receive the home area data and to send the home area data to 
a base station; 

- a keyboard (16) to activate definition of the home area; 

- a display (17) to present the home area comparison result; and 

- a data bus (18) for data communication between said functional blocks 

15 (13,14,15,16,17). 

10. A mobile station according to claim 9, characterised in that the home area 
data comprises at least part of die following data: 

a) a mobile country code (MCQ, 

b) a mobile network code (MNC), „ ^ a o^«„ 
20 c) a location area code (LAC) and a related cell identity (CI) for all broadcastmg 

channels (BCCH) which the mobile station is able to receive, 

d) received signal strengths (RSS) for all broadcasting channels (BCCH) 

e) distances to all base stations (BTS) on die broadcasting channels (BCCH), and 

f) timing advances (TA). 
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